The IGF-binding proteins (IGFBPs) 
Introduction
The insulin-like growth factor (IGF)-binding proteins (IGFBPs) are a family of at least six structurally related proteins with high sequence conservation, both between species and within different binding proteins (Rechler 1993) . The IGFBPs bind the IGFs (IGF-I and IGF-II), which are small polypeptides that are important for post¬ natal growth (Froesch et al. 1985 , Cohick & Clemmons 1993 . The IGFs are also essential for prenatal growth, since they are produced by many fetal tissues (Lund et al. 1986 , Han et al. 1987 , are developmentally regulated and disruption of either the IGF-I or IGF-II genes causes growth retardation or lethality (DeChiara et al. 1990 , Baker et al. 1993 . The roles of the IGFBPs are not clearly defined, although they have been shown to regulate the half-life of circulating IGFs, to modulate IGF activity (either enhancing or inhibiting it) and are suggested to affect the distribution and tissue localisation of IGF (Rechler 1993) . Therefore, since IGFs are important fetal growth factors and IGFBPs control IGF actions, the IGFBPs themselves may also be important in regulation of fetal growth and development. In the fetus, circulating IGFBP-2 is generally higher than in the adult (Donovan et al. 1989 , Liu et al. 1991 , Lee et al. 1993 (Pintar et al. 1994 ). The ontogeny of IGFBP-2 and IGF-II mRNA has recently been described in the ovine fetus, with coordinate changes in the abundance of IGF-II and IGFBP-2 mRNAs throughout development (Delhanty & Han 1993 I and chloramine-T as previously described (Gargosky et al. 1990 ).
Western ligand blotting Samples (20 ul of a 1:10 dilution) were subjected to non-reducing discontinuous SDS-PAGE on a 4% stacking gel and 12-5% polyacrylamide separating gel (LaemmH 1970) (Francis et al. 1989 ).
Sensitivity of the IGF-I assay was 2-6 ng/ml plasma. Intra-and inter-assay CV values were 7-7 ±1-6% and 11-3% respectively. Sensitivity of the IGF-II assay was 3-4 ng/ml plasma. Intra-and inter-assay coefficients of variation were 5-5 ±1% and 5-7% respectively. Total IGF-I and IGF-II were calculated by the summation of fractions coUected between 8-5 and 10 min elution time.
The IGF-I RIA has been previously validated for ovine IGF-I (Francis et al. 1989 ) although a different anti-human IGF-I antibody was used. Similar results were obtained with both these and a third rabbit anti-human IGF-I serum (Owens et Fig. 1 (Fig. 5) . In the heart, both IGFBP-2 and IGFBP-4 5-5 6-0 6-5 7-0 7-5 8-0 :·5 9-0 9-5 10-0 10-5 11-0 11-5
Elution volume (ml) figure 6 . Elution profiles of (a) IGF-I and (b) (Fig. 6b) . IGF-II immunoreactivity also eluted in two peaks. However, peak shows a higher molecular mass shoulder in all samples except NEP (Fig. 6b) (Delhanty & Han 1993) . Additionally, we observed that of the four tissues examined at any fetal age, the highest levels of IGFBP-2 mRNA were found in the kidney, as has previously been reported (Delhanty & Han 1993) . Consistent with this earlier study, we also found that Hver IGFBP-2 mRNA increases with advancing gestational age. However, we observed a decrease in liver IGFBP-2 mRNA between late gestation and 1 day postnatally, in contrast to previous reports of a continued increase until up to 1 to 60 days postnatally (Delhanty & Han 1993 Circulating IGFBP-4 positively correlates with Hver IGFBP-4 mRNA, suggesting that the liver is the major source of circulating IGFBP-4 in the fetus, although the kidney and lung continue to produce high levels of IGFBP-4 mRNA throughout gestation. IGFBP-4 mRNA is low in the heart at later gestational ages, as observed for IGFBP-2 mRNA. IGFBP-2 and IGFBP-4 mRNA abun¬ dance correlate in the heart and Hver, but not in the lung or kidney, suggesting that in the former tissues regulation of IGFBP-2 and IGFBP-4 mRNA may be co-ordinate, but in the latter, that these IGFBPs may be controlled independently.
In many physiological situations, IGFBP levels are correlated highly positively with those of IGFs (Cohick & Clemmons 1993) . In young growing pigs, the develop¬ mental increase in plasma IGF-I and IGF-II are strongly associated with an increase in circulating IGFBP activity (Owens et al. 1991) . Similarly, combined levels of IGF-I and IGF-II are correlated strongly with serum IGFBP-3 in man (Baxter 1988 Pearson correlation coefficients; P, probability; ns, not significant. 
